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Total Model with Zinc and Iron Reduction Kinetics for Simulation of a Coke Packed Bed Furnace

Natsuo ISHIWATA, Yoshiaki HARA and Kanji TAKEDA

Synopsis : A new mathematical model of the smelting reduction process with coke packed bed has been developed for recycling the dust containing zinc

oxide.

Kinetic experiments of the zinc reduction were carried out in the temperature range between 1643 and 1823K in order to determine the

rate constants and activation energy. It is observed that zinc is reduced faster for slag containing iron. The rate constant of zinc reduction by

iron oxide was determined.

The mathematical model of zinc reduction is composed of one-dimensional flows of solid, liquid and gas phases. It is formulated in terms

of heat and mass balances in the furnace, coupled with reduction kinetics of iron/zinc oxides and heat transfer among the components. Oper-

ation conditions of pilot plant tests with a scale of 10 tons per day are simulated with the model. It is found that the temperature and CO,/CO

ratio of gas at the furnace top must be controlled by the post combustion to prevent zinc accretion.

The operation results of the pilot plant are compared with those of the simulation ones. It is confirmed that zinc and iron oxide is reduced

between two stage-tuyeres and that zinc accretion at the wall of furnace top is decreased by the post combustion.

Key words: coke packed bed; zinc; iron; direct reduction; rate constant; mathematical model; electric arc furnace dust; zinc adhesion; post combustion;

smelting reduction.
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1. Concept of the smelting reduction process for EAF dust recycling.
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Fig. 2. Experimental apparatus of ZnO reduction in carbon
crucible.

Table 1. Experimental condition of reduction.

Temperature(K) Slag
Case 1 1643 BF slag:200g + Zn0:50g
Case 2 1723 BF slag:200g + Zn0:50g
Case 3 1823 BF slag:200g + Zn0:50g
Case 4 1643 BF slag:200g + Zn0:50g + Fe,0,:50g
Case 5 1723 BF slag:200g + Zn0:50g + Fe,0;:50g
Case 6 1823 BF slag:200g + Zn0:50g + Fe;0,:50g
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Table 2. BF slag composition.

(mass%)
Sio, | ca0 | ALO, | MgO
34.4 42.3 14.3 6.8
7
6 X O Case 1 (1643K)

Case 2 (1723K)
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Fig. 3. Changes in the zinc concentration with time.
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Fig. 4. Temperature dependence of zinc oxide reduction.

Table 3. Apparent rate constants of zinc reduction (case

1-3).
Temperature (K) 1643 1723 1823
Zn0 reduction rate (k,) (m/s) 2.5x10-8 9.0x10-% 2.3x10-°

8
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Fig. 5. Changes in the zinc and iron concentration with
time (case 5).
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Table 4. Apparent rate constants of zinc and iron reduction

(case 4-5).

Temperature (K) 1643 1723 1823
FeO reduction rate (k,) (m/s) 3.6x10° | 6.2x10% | 1.9x10°®
Zn0 reduction rate (k) 2.6x107 | 2.2x107 | 3.1x107
by Fe0 (m3/s - mol)
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Fig. 6. Arrhenius plots of ZnO and FeO reduction.
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Table 5. Activation energy of reduction reaction of zinc
and iron.

302 235 29

Ectwation energy (kJ/mol + K)

Furnace top T Top gas, zinc vapor
Air — < Chemical reaction
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(Powder — Liquid)
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* Reduction
» Heat transfer
(Solid, liquid, gas, wall)
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n0 + C — ZIn + CO
Zn0 + 3Fe0 — Zn + Fe30,
Lower tuyere - -
v U v U
+ Combustion
C +1/20, — CO —
hearth -
Siag, metal —

Fig. 7. Outline of the mathematical model for coke packed
bed furnace with two stage-tuyere.
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Table 6. Operation conditions for simulation of pilot plant
for recycling EAF dust.

Blast volume (Nm3/h) 1000

Blast temperature (K) 1023
Enriched oxygen(Nm3/h) 90
Injection rate of EAF dust (kg/h) 400
Zn concentration of EAF dust(mass%) 25

Fe concentration of EAF dust (mass%) 27.7
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Fig. 8. Temperature profile of gas, liquid and solid phase.
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Fig. 9. Zn and Fe concentration profile of slag between

upper tuyere and hearth.
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Fig. 10. Operation design of post combustion for preven-

tion of Zn accretion at the wall of the furnace top.
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Table 7. Typical example of EAF dust composition.

(mass%)
T.2n | T.Fe | Pb ¢ | sio, | ALO, | ca0
27.7 25.0 3.22 3.33 2.78 2.09 2.16

Table 8. Operational conditions in EAF dust recycling

tests.
Blast volume (Nm3/h) 900~1200
Oxygen enrichment (Nm3/h) 80~150
Blast temperature (K) 1023~1073
Coke rate (kg/t-dust) 1630~2430
Injection rate of EAF dust (kg/h) 200~550
Top gas temperature(K) 923~1253
Post combustion ratio(mass%) 3~20

«—Cooling water

r—‘”“§

slurry Decanter
Lye Sampler
by [ Pocoverss 2|
Metal
Slag

Fig. 11. Process flow of pilot plant test for EAF dust recycling.
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Table 9. Typical example of recovered product composi-

tion.

(massh)
T.2n | T.Fe | b ¢ Si0, | A0, | ca0
60.0 1.71 6.2 2.27 2.93 1.14 1.75

Table 10. Typical example of slag and metal composition.

(mass%)
Metal Slag
c 4.2 [ 37
Si 2.5 Si0, 36
Mn 1.7 Al,0, 15
P 0.28 Mg0 6
0.09 Fe 1.5
Zn <0.005 Zn <0.01
Pb <0.001 Pb <0.001
Cu 0.52 Cu 0.0
Cr 0.63 cr 0.12
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E
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t
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Fig. 12. Zn and Fe concentration of sampled slag between

upper and lower tuyere.
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Fig. 13. Prevention of ZnO accretion by post combustion.
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